Phleichrome was isolated from the culture of Cladosporium phlei and its actions were examined on the invertases from the leaves of timothy, Phleum pratense.
Introduction
Timothy leaf spot disease is the most serious foliar disease of timothy in Hokkaido. The causal organism of the leaf spot is Cladosporium phlei.
The culture of this fungus produces an extracellular phytotoxic red pigment, phleichrome, capable of inciting symptoms similar to those of leaf spot disease in timothy5).
We have a few studies on this compound, such as photodynamic reaction on microbial growth and inhibitory action on catalase5), but it is still not clear whether or not phleichrome acts as a pathotoxin7).
This paper describes some properties of the pigment from the diseased spots and the inhibitory action of phleichrome on SH-requiring invertase from the host leaves.
Materials and Methods
Fungal culture and isolation of phleichrome. A pathogenic isolate of Cladosporium phlei de Vries was isolated from an infected local variety of timothy (Phleum pratense, L.) located in the Tokachi district in 1969.
The stock culture was maintained on the medium of potato-glucose slant at 25C in the dark for a month. From this stock culture, a loopful of the fungus was inoculated into a 500-ml Erlenmeyer flask containing 250ml of potato-glucose medium and cultured without shaking at 25C for a month in the dark.
The for 1hr. The mixture was adjusted to pH 7.0 with 1 N NaOH to determine the amount of reducing sugars by the method of Somogyi-Nelson2) using a spectrophotometer (Shimazu UV 140), unless otherwise stated.
Protein concentration was expressed as the absorbance at 280nm. The elution profiles of invertase and protein were shown in Fig. 1 .
Tubes of No.10 and 14 were used as invertase I and II, respectively.
Thin layer chromatography. Thin layer chromatography (TLC) on Eastman Chromagram Sheet Type K was carried out at room temperature using acetone as solvent. and subjected to spectrometry using a Hitachi recording spectrophotometer.
As shown in Fig.  2 , visible light absorption spectra of PT-phleichrome and DS-pigment were almost identical each other, differing from the spectrum of phleichrome which has three characteristic absorption peaks (474, 540 and 584nm).
Some physical and chemical properties Some properties of phleichrome, PT-phleichrome and DSpigment were shown in Table 1 . Rf value of PT-phleichrome on TLC was almost identical with that of DS-pigment, but differed from that of phleichrome.
All of them were soluble in water, but insoluble in ether except phleichrome and turned green with 1N NaOH solution.
DS-pigment was not extracted from the parts on the leaves of timothy excluding the diseased spots.
Considering the results obtained, DSpigment is assumed to be phototrans-formed product derived from phleichrome under natural light.
Effect of SH reagent on invertase activity
Effect of p-chloromercuribenzoate (PCMB) on invertase I and II was examined.
The amount of reducing sugars was determined from the calibration curve of glucose in the presesence of PCMB.
As shown in Table 2 , invertase I was inhibited by PCMB but II was not, suggesting that Table 4 , inhibitory action of PCMB or phleichrome on invertase I was partially nullified in the presence of dithiothreitol (DTT) or L-cysteine. This supports again that the inhibition of invertase I by phleichrome is closely related to the function of SH groups in this enzyme.
Inhibitory
action of phleichrome exposed to light As shown in Table 5 , the inhibitory action of phleichrome on invertase I was decreased by its exposure to visible light (474nm), but not by ultraviolet light (226 nm).
Exposed to natural light for 2 weeks, phleichrome almost changed into water insoluble compound and did not show any inhibitory action on invertase I. a) The wave lengths irradiated. The concentration of phleichrome (in final) was 0.1mM. The invertase activity in the absence of phleichrome was expressed as 100.
Discussion
Recently Yoshihara et al.9) reported that phleichrome, which was excreted into culture medium by C. phlei, was a derivative of perylenequinone structurally analogous to cercosporin6) and elsinochrome A8). Mino1) also reported the instability of this compound to light.
On the other hand, phleichrome was demonstrated to induce phytotoxic legions on the leaves of timothy similar to the disease symptom caused by the fungus5).
In this study it was shown that DS-pigment seems to be light induced product of phleichrome from the comparison of their physical and chemical properties (Table 1 and Fig. 2) .
Even if such was the case, phleichrome produced on the leaves of timothy by C. phlei may be considered operative as a pathotoxin7) for the formation of diseased spot.
It has been generally accepted that various quinones act as inhibitors against SH requiring enzymes3).
Also in our experiments, phleichrome having quinone structure was demonstrated to act as an inhibitor to SH invertase from timothy leaves as was the case for catalase5).
There is therefore a possibility that the incitation of this disease is partly attributed to the inhibition of various SH enzymes by phleichrome.
The present experiments were carried out using phleichrome from the cultured fungus, so that it remains to be solved by further investigations whether or not PT-phleichrome also acts as toxic substance in the host leaves.
Cercosporin6) and elsinochrome A8) have been reported to show photodynamic reaction.
Shimanuki and Araki5) stated that this was also true for the case of fungistatic action by phleichrome.
In our experiments, however, such a reaction was not observed on the inhibition of SH invertase (Table 5) . Its inhibitory action was rather nullified by the exposure to light. Sakuma and Narita4) described that C. phlei propagates actively rather at low temperature (opt. 20C). Phleichrome production by this fungus was also reported to be lower under light than dark condition5).
The timothy leaf spot disease prevails in the eastern and northern parts at low temperatures and lacking in sunlight in Hokkaido.
This may be explained in terms of the above mentioned physiological characteristics of the fungus and changeability of phleichrome by light.
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